In patients presenting with a neck adenopathy from a clinically unknown primary, efforts should be made to localize the primary tumour, as this allows a more focused therapy. Imaging is helpful in identifying suspicious mucosal sites that should be further investigated endoscopically, including biopsy. In case no primary tumour is detected in the head and neck, a positron emission tomography (PET) study can be considered to search for an infraclavicular primary tumour. This article reviews the diagnostic value of computed tomography (CT), magnetic resonance imaging, PET and PET/CT in this clinical context.
Introduction
The condition of an unknown primary in the neck can be defined as a patient presenting with metastasis of a carcinoma in the neck lymph nodes, without prior history of malignancy, and without the primary tumour being found. The term clinically unknown primary (CUP) is most often used in the context of squamous cell cancer.
The treatment of such a patient is (chemo)radiotherapy with or without neck dissection, including irradiation of all potential mucosal disease sites, causing substantial morbidity. Although this treatment has been effective, significant side effects occur, such as xerostomia and dysphagia [1] . In such a situation, efforts should be made to find the primary tumour, as this allows a more focused therapy, with less morbidity and possibly a better outcome.
In most cases, the CUP is a subtle tumour, situated in the palatine tonsil, tongue base or pyriform sinus; the nasopharynx should also be scrutinized, especially in regions where nasopharyngeal cancer is endemic.
Imaging is rarely firmly diagnostic for a purely mucosal primary cancer. In most cases, the contribution of imaging is to identify one or more suspicious sites that should be further investigated during endoscopic examination; in addition, imaging provides important information about the metastatic neck mass.
Invasive diagnostic procedures are best performed after imaging, as biopsy and tonsillectomy cause tissue changes that may be misinterpreted as evidence of tumour on imaging studies. On the other hand, if such procedures are performed first, the primary may be detected, and hence the lesion is no longer an unknown tumour.
It is noteworthy that the reported incidence of CUP is very divergent. In two recent publications, both on the impact of positron emission tomography (PET) imaging on the management of head and neck cancer, the incidence varied from 0.8% to 21% [2, 3] . This variability may be related to differences in patient population, but also to a different definition of a CUP. Often, it is not clear whether the primary tumour was called unknown after a routine head and neck physical examination, or after invasive diagnostic screening. Such differences in definition clearly influence the potential impact of imaging studies on identifying a CUP. In this regard, it is not surprising that in the study with the higher incidence [3] , the impact of PET in finding the CUP was far greater than in the study with the lower incidence [2] . Several imaging techniques are available to search for a CUP tumour, including ultrasonography, computed tomography (CT), magnetic resonance imaging (MRI) and metabolic imaging. Ultrasonography is mainly of use when the primary tumour is suspected to be of thyroid gland origin.
A basic requisite for the detection of a subtle lesion is an adequate technical execution of the imaging technique applied [1] .
Computed tomography
CT may point the clinician to a suspicious region, possibly corresponding to the primary tumour, by showing areas of subtle soft tissue thickening or a subtle asymmetric appearance of the pharyngeal or laryngeal structures (Fig. 1) . Also the appearance of the nodal disease carries important information. The anatomical localization of the adenopathies gives an indication where the primary tumour may be situated. The nodal architecture may suggest the localization of the primary, as may be the case in thyroid cancer (Fig. 2) . Imaging is also important in determining the presence and extent of extracapsular tumour spread, as involvement of critical structures, such as the carotid artery, influences the decision to perform a neck dissection or not. The presence of extracapsular spread on imaging also indicates a higher chance of metastatic spread, and screening for distant disease should then be intensified, including chest CT or whole body PET imaging.
CT was reported to be able to detect the primary site in 30% of patients presenting with neck nodal metastasis of squamous cell cancer [5] . However, although CT has been widely used in this situation, few scientific studies have been published on its actual value in this particular clinical situation.
Recently, in a large retrospective study [6] the role of imaging in the detection of CUP was thoroughly examined. In this study, all patients (n ¼ 236) presented with nodal metastases from a cancer that was not obvious at conventional work-up, including a head and neck examination by multiple examiners. Eventually, the primary tumour was detected in 53% of patients. The chance of detecting the primary tumour was significantly higher in those patients in whom the physical and radiologic investigation did show a suspicious finding. Suspicious findings during the physical examination and on the CT study were the only variables independently correlated with the discovery of the primary tumour. Among other variables, positive findings on nuclear imaging studies were not independently correlated with the discovery of the primary in this study.
Magnetic resonance imaging
The search for the primary tumour can also been done using MRI. Conventional spin echo sequences show anatomical disturbances, similar to CT. The advantage of MRI is its higher contrast resolution, but the technique also has several disadvantages, such as a higher risk of Figure 1 Contrast-enhanced CT images in a patient presenting with a right-sided level III adenopathy (partially visible in (a), black arrow); fine-needle aspiration cytology showed squamous cell cancer; clinically no primary tumour could be identified. The axial image during quiet breathing (a) shows subtle soft tissue thickening in the apex of the right pyriform sinus (white arrow; compare with opposite side). There is subtle infiltration or displacement of the paraglottic space fat (arrowhead). Axial image obtained during modified Valsalva manoeuvre (b) shows somewhat less expansion of the right pyriform sinus compared with the opposite side; the soft tissue irregularity is now more visible (arrowheads). These findings are highly suspect for being the primary tumor, which was confirmed by biopsy.
motion-induced artefacts, technical difficulties in covering the entire head and neck region, a long examination time and higher costs compared with CT. A difference in diagnostic accuracy in detecting clinically occult tumours in the head and neck, compared with CT, has not yet been proven scientifically.
Newer functional MR-techniques may be helpful in finding the clinically occult lesion, for example by showing small mucosal foci of increased perfusion or restricted diffusion (Fig. 3) . Further study is still required to determine the complementary value of these sequences in this context.
Metabolic imaging
As in disease processes metabolic changes occur before anatomical disturbances become visible, PET may become positive before anatomical imaging, and thus be able to spot a CUP more readily than CT or MRI. Also, PET is characterized by a high lesion-to-background contrast, making subtle abnormalities more easy to spot than on a CT or MR study (Fig. 4) .
On the other hand, small lesions may not be large enough to accumulate sufficient tracer to become visible. Furthermore, some tissues show physiological tracer uptake, such as the salivary glands, lymphoid tissue, brain tissue, and also muscles may show uptake when activated. Also inflammatory processes may accumulate tracer. This may lead to false-positive results, but also to false-negative results, as pathologic uptake may become wrongly classified as physiologic.
Several studies have evaluated the use of PET to detect a CUP. In the study from Johansen et al. [7] , 60 patients with a CUP were enrolled, and 19 were examined before and 41 after panendoscopy. In this study, most patients underwent PET; a minority had PET/CT. The detection rate of a primary tumour was somewhat higher in the prethan in the postendoscopy group; although this difference was not statistically significant, possibly a number of tumours were detected by endoscopy in this group, resulting in a lower detection rate when PET was performed. The overall sensitivity was 86%, as a number of tumours were not seen on PET, but were detected after biopsies or after tonsillectomy. The false-negative rate is difficult to determine exactly in this context, as one can expect that a number of subclinical primaries will be eradicated by radiotherapy, and therefore will never be recognized. The specificity in this study was 69%. Falsepositive results using PET were not infrequent (up to 40% in the tongue base and tonsils), and were more frequent after panendoscopy. For this reason, these authors recommend obtaining a PET scan at an early stage; the disadvantage is that a number of patients will undergo this examination unnecessarily, as the tumour would have been detected during panendoscopy.
In the study reported by Roh et al. [8] , PET/CT examinations were performed. The detection rate of the primary tumours was similar to Johansens study, but the specificity was substantially better (82%). This can be explained by a reduction in false-positive PET results by coregistration with CT, thus providing both physiologic and anatomic imaging capabilities.
The results reported by Cianchetti et al. [6] , in which the patient population underwent a mix of PET and PET/ CT, are clearly different. The detection rate using PET was only 14%. Furthermore, none of these tumours was detected based solely on PET, as in all these patients the physical examination and/or the results of the radiologic examination were suspicious (but not definitely positive), and these sites would have been biopsied in any case. Their conclusion was that the incremental benefit of PET over the physical examination and CT/MRI is limited.
Second primary tumours
Smoking and alcohol abuse irritate the entire mucosa of the respiratory tract, inducing premalignant and malignant lesions. This has led to the concept of field cancerization or condemned mucosa, initially published concerning the oral region, but this can be generalized for the entire head and neck mucosa. The reported frequency of a synchronous second malignant tumour (at the same time or within 6 months after identification of the index tumour) ranges from 2 to 20%.
Such a second malignant mucosal tumour may be discovered during the diagnostic work-up (or follow-up) of the first carcinoma in the respiratory tract. Sometimes, Figure 2 Contrast-enhanced CT image in a 20-year-old female patient presenting with a right lower neck swelling. Several adenopathies, appearing partially cystic, are seen in the base of the neck (arrows). The location and appearance of these adenopathies are suggestive for papillary thyroid cancer. The right thyroid lobe is slightly enlarged and appears heterogeneous (arrowhead), an aspecific finding in itself, but in this context suspicious for cancer. After resection, the entire gland turned out to be diffusely involved by tumour.
these second primary tumours are not detected or overlooked clinically, but may be discovered during the radiologic evaluation of the index tumour (Fig. 5) .
Whole body imaging in CUP
A clear advantage of PET and PET/CT is that these techniques allow nearly the entire body to be evaluated, as the primary tumour presenting with a neck adenopathy may be localized below the clavicles. The incidence of an infraclavicular primary tumour varies between 24% and 45% [6, 9, 10] . However, as such infraclavicular primaries are most commonly localized in the lungs or oesophagus, a chest CT could be considered as an alternative to PET; endoscopic examination of the oesophagus is done in the routine work-up of these patients. Apart from the adenopathies, also diffusion restriction is seen at the epiglottic level (arrows). (e) A PET scan was also obtained in this patient, and this also confirms, apart from the adenopathies, that an epiglottic lesion is present (arrows). Retrospectively, the epiglottis also looks a bit thicker than normal on the initial CT study. Histology revealed epiglottic squamous cell cancer.
The incidence of distant metastasis from a CUP is estimated to be between 3 and 14% [6, 7] , and most of these metastases also occur in the lungs.
In patients with head and neck cancer, the incidence of metachronous second primary tumours is between 6 and 9%; for this reason, some authors advocate an annual PET study in these patients as a screening modality [11] , but such a follow-up strategy is not widely accepted. Whole body MRI may become an alternative to PET/ CT in the future.
Conclusion
If a patient presents with a neck lump, without clinical evidence of a mucosal primary and without risk factors for developing squamous cell carcinoma, the first PET/CT shows two hot spots, corresponding to the adenopathy and the wall thickening in the pyriform sinus; endoscopic biopsy confirmed squamous cell cancer in the pyriform sinus. Figure 5 (a,b) Contrast-enhanced T1-weighted spin echo images in a patient investigated for a cancer in the left retromolar trigone, invading the mandible (a, arrows). During this examination, a synchronous tumour is seen in the right pyriform sinus (b, arrowheads), which went undetected during the preceding physical examination of the head and neck. This was also a squamous cell cancer.
radiologic examination can be an ultrasound study. This non-invasive and cheap examination is helpful in differentiating between a benign (often cystic) lesion and neck nodal disease. Some tumours produce neck adenopathies displaying quite typical ultrasound features, such as papillary thyroid cancer, and during the same session a detailed evaluation of the thyroid gland can be performed. If the patient is known to have a nodal metastasis from a squamous cell cancer, or has clear risk factors for such a neoplasm, the first radiologic examination can be a CT or MRI study of the neck. In a number of patients, the primary tumour will be found, and in some other patients, one or more suspicious areas can be identified that need to be scrutinized during an endoscopic examination including biopsies. Furthermore, CT or MRI provide useful information about the extent of nodal disease, and the possible presence of macroscopic extranodal tumour spread.
Conventional MRI has a comparable accuracy with CT for detecting a CUP, but further technical developments may improve the diagnostic yield of MRI. PET, and better PET/CT, is indicated if CT or MRI do not show the primary tumour, and also if there is an increased risk of distant metastases.
